This paper investigates the economic valuations individuals make about the degradation of the marine ecosystem in the Gulf of Lion, in the western Mediterranean. A choice experiment has been conducted to quantify in monetary terms the social costs associated with two key aspects of degradation of the marine ecosystem: (i) the loss of critical habitats, and (ii) the risk of jellyfish outbreaks. We apply choice models to analyse the preference structure of residents and visitors for alternative ecosystem resilience scenarios. The focus of the modelling approach is on inference about welfare valuations and their relationship to the characteristics of the participants in the choice experiment, their perceptions of the importance of ecosystem services, attitudes to tourism, and trust in environmental policy-making institutions. We detected a number of significant linear and non-linear effects, and discuss the implications of our findings for marine environment protection policies.
Introduction
Healthy marine ecosystems are crucial for sustaining human wellbeing by contributing substantially to climate regulation, the freshwater cycle, the provision of food, maintenance of biodiversity, energy production and cultural services, including recreation and tourism (MEA, 2005) . However, the processes by which such valuable goods and services are generated remain to a large degree unknown. Central to science-based marine management issues is the role of overfishing in contributing to unstable and potentially "mutated" marine ecosystems (FAO, 2010) . Detrimental fishing practices, such as trawling, devastate valuable seabed vegetation and habitats (e.g. Posidonia oceanica meadows), inhibiting the ability of the oceans to absorb carbon, recruit fish stocks and sustain biodiversity. Evidence from the empirical literature suggests that current fishing policies cannot sustain commercial fish stocks (Worm et al., 2009) , and provides considerable support for the argument that a new marine threat is emerging: diverse fish populations are being replaced by jellyfish (Boero et al., 2008; Galil, 2008; Brotz et al., 2012) . While intense fishing is decimating marine predators, eutrophication is creating lower oxygen zones, and climate change is tropicalizing temperate waters, leading to severe and frequent jellyfish outbreaks, which have been increasing dramatically worldwide. Jellyfish outbreaks have a negative impact on human activities (such as tourism, fishing and industrial facilities) and on human health, as well as on fish populations and the marine environment in general (e.g. Richardson et al., 2009) . In Mediterranean coastal areas, jellyfish outbreaks have increased considerably in recent years, resulting in large associated economic costs (http:// www.ciesm.org/marine/programs/jellywatch.htm, last accessed 10 May 2013).
This paper seeks to investigate and quantify in economic terms the losses of social welfare that can be expected from the degradation of the Mediterranean marine ecosystem. It addresses both the incidence of jellyfish outbreaks and the loss of critical marine habitats in a choice experimental framework. The usefulness of such monetary estimates lies in their ability to signal otherwise undetected economic losses and policy failures in cases in which the rate of use of global commons exceeds the threshold of their sustainability. The area studied is the Gulf of Lions (GoL), chosen because it is a leading tourist destination and a centre of intense human activity; in recent years it has been heavily affected by marine ecosystem degradation and jellyfish outbreaks. Previous attempts at placing a value on Mediterranean marine goods and services include Langford et al. (1998 Langford et al. ( , 2001 , Kontogianni et al. (2001 Kontogianni et al. ( , 2003 Kontogianni et al. ( , 2012 , Remoundou et al. (2009) , Nunes et al. (2009) and Mangos et al. (2010) . To the best of our knowledge, to date, jellyfish outbreaks and critical habitats in the Mediterranean have not been evaluated in this way. In the following section we describe the methodology, then we present the choice modelling results, assess the impact of measured variables on welfare estimates, and finally we conclude with a discussion of the findings.
Methods
Valuation of the social costs associated with jellyfish outbreaks and marine ecosystem degradation in the GoL was conducted using a discrete choice experiment (DCE). DCE is a well-known stated preference method (e.g. Louviere et al., 2000) used for the study of individual preferences that cannot be revealed through direct observation of actual choice behaviour in an existing market process. Such experiments have been widely used in marketing, transportation research and, more recently, in environmental and ecological economics. Among others, Louviere et al. (2000) , Hensher et al. (2005) and Train (2009) provide extensive reviews of DCE methodology.
Design and data collection
The main focus of our study-jellyfish outbreaks-is represented in our DCE as an attribute of a generic good: the marine resilience of the GoL. The determination of the attributes of a healthy and resilient marine ecosystem was a demanding process involving experts and stakeholders through focus groups and in-depth interviews. The attributes were pretested in order to ensure their effectiveness in describing marine ecosystems. Finally, we decided to use three attributes. The first attribute is the area of important marine biotopes, i.e. native sea grasses and mussel beds, which play an important role in the proper functioning of the ecosystem. The second attribute is the probability of occurrence of jellyfish outbreak incidents, which constitute a threat to tourism and recreational activities. The third attribute is monetary and refers to cost. The selected levels were the result of expert consultations within the wider scientific community of the 6th Framework EU integrated project SESAME; this research was carried out under its auspices.
Experts predicted that in the "business as usual" (BAU or status quo) scenario the covered area of critical habitats would decrease by 20% relative to the current area; while a "deep blue" (DB) scenario would occur with an increase in critical habitats area of 20%. On the other hand, the current probability of jellyfish outbreaks was estimated at 0.5. The BAU scenario assumed an increase in probability of outbreaks at 0.9 while a DB scenario assumed a major decrease in probability to 0.1. Changes in the levels of attributes refer to a 20-year horizon (Table 1) .
Given the complexity of the choice task for a non-expert, we sought to represent choices as simply as possible. In each choice card respondents were faced with two choices: "option A", referring to the BAU scenario, and "option B", presenting a proposed improved situation. We used full factorial design to estimate all two-way interactions. The design consisted of 16 profiles. The combination of profiles with BAU generated 16 choice cards. We orthogonally split the 16 profiles into two blocks, with each block containing eight choice cards. The payment was set as a one-off payment through an increase in the following year's water bill for residents of the area. The corresponding payment for tourists was a special one-off fee paid to hotels. Both residents and tourists were exposed to the same fees (i.e. cost attribute values). In order to help respondents, a series of visualization materials was presented during the survey. The questionnaire consisted of a set of 30 main questions, each one divided into subquestions. Including the sociodemographics, it recorded about 130 values per respondent. Coloured cards gave the respondents a better understanding of the problems and made the interview easier. Figure 1 shows one of the choice cards used.
The survey was carried out in the area of the GoL in southern France. Figure 2 shows the study area and the 25 sampling and interview sites spanning more than 400 km-from the SpanishFrench border to Marseille in the eastern part of the GoL. The survey was carried out by four trained interviewers and took place during July and August 2009. The subjects were made up of a stratified random sample of resident and visiting households selected to represent age, gender, socio-economic class, location and resident/visitor status. Data were collected through face-toface interviews with adult household members. Respondents were recruited in a variety of locations within the study sites, including workplaces, shopping centres, streets, residences, tourist attractions/museums, beaches, cafes and restaurants. Sampling was carefully distributed in time, to maximize coverage of the target population and to make it more representative. The total sample size was 510.
Due to our sampling procedure, local residents and tourists were proportionately represented in our sample. For example, in 2010 the metropolitan area of Marseille (the major urban site in the GoL) had a resident population of 1.6 million and an estimated 4.1 million visitors. Thus, the share of locals was about 28.1% of the total. In our broader GoL sample, the proportion of locals in the total was 152/ 510 ¼ 29.8%, slightly higher due to the higher proportion of tourists in less urbanized areas.
Sample characteristics (measured variables)
For descriptive purposes, the key individual specific variables (ISVs) that were measured and used in the choice modelling task were classified into three broad categories: (i) socio-demographic variables, such as age, gender, level of education and occupation of the respondent, household size, number of children and monthly net household income, as well as whether the respondent was a tourist and, if so, the duration of his/her visit to the GoL area; (ii) social perceptions regarding the significance of open sea/coastal problems and the importance of ecosystem services; and (iii) attitudes towards tourism and trust in institutions to carry out improvements to the ecosystem. Definitions of the corresponding variables, their measurement scales and descriptive sample statistics are shown in Tables 2 -4, respectively. Cost of gelatinous future and habitat loss in the Mediterranean
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Variables measuring respondents' perceptions on the importance of ecosystem services were grouped into three classes (i.e. regulating, provisioning and cultural) following the classification of the Millennium Ecosystem Assessment work programme initiated by the UN in 2001 (e.g. see MEA, 2005; Boyd and Banzhaf, 2007) . Then, for each respondent, the total score for each class was derived by adding up the values of the corresponding service variables. The relevant definitions and statistics are shown in Table 3 .
Protest bidders pose a well-known problem in discrete choice analysis (e.g. Meyerhoff and Liebe, 2008) . Using a set of appropriate questions asking zero bidders to provide reasons for opting out, we classified 20.8 % of the respondents as protest bidders. These were excluded from further analyses, thus reducing the effective sample size to n ¼ 404.
Choice modelling methodology
Modelling of individual choices was carried out with a random utility model (RUM) specification; assuming a stochastic indirect utility function for the choice of individual i, i ¼ 1,. . ., n (n ¼ 404) from two alternatives j [ {0,1} [0 for the status quo (BAU) scenario; 1 for the improvements (DB) scenario] at the choice instance
where V ijt (.) is the deterministic utility and e ijt the random utility component associated with choice j.
is a vector of
is a vector of L individual characteristics that are invariant across choices and choice
is a vector of individual specific random preference parameters, and b a vector of fixed parameters capturing the effects of individual characteristics and of the interactions between attributes on choice. Then, setting the choice outcome y it [ {j ¼ 0,1}, with the common assumption of iid extreme value type I distributed random utilities, the conditional probability of choosing alternative j has the mixed logit model form (e.g. Longford, 1993; Train, 2009) 
Assuming linearity in the parameters of the deterministic utilities and allowing for two-way interaction between attributes and between attributes and individually observed characteristics, as well as for higher order polynomials of quantitative characteristics, deterministic utility is specified as Cost of gelatinous future and habitat loss in the Mediterranean
where R(k,l) is the maximum order of polynomial interactions of the attribute k with individual-specific variable w (l) . Under specification (3), the vector of fixed parameters is
, where b 0 ( j ) is an alternative specific constant capturing the average effects of omitted variables
follow specific, usually continuous, probability distribution, say
For simplicity, random parameters are assumed to be uncorrelated with each other. Simpler model forms employed in the analysis are derived from expression (3) by means of constraints imposed on the parameters. Mixed logit model estimation is performed by the method of simulated maximum likelihood (e.g. Train, 2009 ), which has been most commonly used in recent years.
In contrast to a fixed parameter specification of the random utility model, i.e. the same across individual preferences for choice attributes, b i (k) ; b (k) , the random coefficient specification (3) handles heteroscedasticity and serial correlation in repeated choices made by individuals, and allows for non-proportional substitution patterns across alternatives (e.g. Train, 2009 ). It should also be noted that the specified random coefficients model allows for two additive sources of possible correlations between choices of the same individual (i) correlations due to observed effects, introduced in the model through the interactions between attributes and individual characteristics, and (ii) correlations due to unobserved preference heterogeneity, accounted for by the individual-specific random parameters. Both are assumed to be time invariant (i.e. constant across choices of the same individual), implying a temporally stable structure of individual preferences.
Estimating the monetary value of attributes
Given estimates of parameters in the utility function (3), a marginal willingness to pay (WTP) for a unit improvement of a non-cost attribute k can be computed as
Equation (4) is derived by decomposing (3) into terms that involve cost (C) and non-cost attributes (x (k) , k ¼ 1,. . ., K21), and computing the derivatives involved in (4). R(k, l) denotes the maximum order of polynomial interactions of the non-cost attribute k with individual-specific variable w (l) and R(C, l) the maximum order of polynomial interactions of variable w(l) with the cost attribute. Note that the presence of interactions between the cost and other attributes renders the willingness to pay (WTP) for attribute k dependent on the levels of other attributes, k ′ , and cost, C. Interactions of attributes with individual characteristics (observed heterogeneity) and the random coefficients of the choice attributes (unobserved heterogeneity) both render the WTP individual-specific. Estimates for the individual random parameters are computed during the simulated likelihood estimation procedure, and then are used to derive individual WTP values. It is important to note that these individual random parameter values are not literally maximum likelihood estimates for each individual in the sample. They are the expected values of the attributes' coefficients for individuals belonging to a certain socio-economic class, i.e. having a certain combination of modelled socio-economic characteristics (e.g. age and income). These estimates may be different for individuals who belong to a different socio-economic class. Finally, the estimated expected WTP for attribute k is
where W denotes the multidimensional space of observed individual characteristics and f w i ( ) the corresponding distribution function. Note that random coefficients are assumed to be independent from observed characteristics.
is given by (4). The integral formula (5) is analytically intractable and is evaluated numerically. Asymptotic confidence intervals for the expected WTP can be derived with Monte Carlo simulations using the estimated variance -covariance matrix of model coefficients under the assumption of asymptotic multivariate normality (MVN) of maximum likelihood estimates. To safeguard against a possible violation of the MVN assumption, we also derive non-parametric bootstrap confidence intervals (e.g. Efron and Tibshirani, 1998) .
Effects of individual characteristics on WTP
Given a non-trivial functional form for the WTP, such as (4), we are interested in assessing the effects of individual characteristics on the WTP for choice attributes. A reasonable representative evaluation point for these effects in the multivariate space of individual characteristics and random coefficients is the point defined by the mean sample values. We denote kw C ) . Then, a willingness to pay for attribute k, as a function of w (l) , evaluated as the mean of other individual characteristics w (l') and of random coefficients, can be written (using (4)) as 858 A. D. Kontogianni and C. J. Emmanouilides
Equation (6) provides a general functional form for the relationship of the average WTP for the non-cost attribute k with the values of an individual-specific variable w (l) . We denote the maximum polynomial order as R(l) ¼ max{R(k,l), R(C,l)}, and
Then, after some algebra, the first derivative of kWTP (k) w (l) l with respect to w (l) can be written as
Replacing population parameters in (7) with their sample estimates taken from the choice model, one can derive estimates for the marginal effects of individual-specific variables on the WTP for attribute k. Note that in the absence of interactions between choice attributes (cost and non-cost), parameters b 
Choice modelling results
We modelled the DCE data using a sequence of increasingly complex binary logit model specifications. We started with a fixed parameter specification of an additively separable indirect utility function (3) that was assumed to include only main choice attribute effects (model termed FPL1). We then added interactions between choice attributes and interactions between individual characteristics and choice attributes, allowing for higher order polynomials of quantitative variables (model termed FPL2). All possible two-way interactions were considered, and selection of the effects to be included in each specification was based on a standard Akaike Information Criterion (AIC), thus minimizing stepwise variable selection procedures. For both fixed parameter logit models we estimated its random coefficient (i.e. mixed logit) version by allowing the main effects of choice attributes to vary randomly across individuals, assuming independent normal or log-normal distributions. These parametric distributions, despite their drawbacks (which are extensively discussed in the literature, e.g. see Train, 2009) , are the common choice for the modeller.
Model estimation
Estimation of the FPL models was carried out with standard maximum likelihood methods for generalized linear models for binary responses with the logit link function (e.g. McCullagh and Nelder, 1989) , using the glm procedure available in the R statistical computing environment (http://cran.r-project.org/, last accessed 10 May 2013). To estimate the RPL models, we employed the publicly available maximum simulated likelihood (MSL) GAUSS code of Kenneth Train (http://elsa.berkeley.edu/~train, last accessed 10 May 2013; see also Train, 2008) , modified for use in the R environment. We tried several starting values sequentially, intermediate optimization solutions, a number of points for the simulation of random coefficient distributions, and alternative optimization algorithms to reach a final solution. Finally, for each estimated model, the marginal WTP for the non-cost choice attributes was computed using the methodology of the previous section. The covariates we used to specify the indirect utility function (3) are defined in Sample characteristics (measured variables).
(The term "covariate" refers collectively to the individual-specific variables. They enter our models through their interactions with the choice attributes, which are the variables of primary interest in our study. Thus, ISVs are treated as variables of secondary importance that may modify-or "moderate" -the effects of the attributes on choice behaviour.) The variable selection procedure suggests a final model specification without attribute -attribute interactions. Testing all alternative combinations of independent normal and log-normal distributions for the random coefficients, and employing the minimum AIC as the selection rule, we reached the conclusion that: (i) for the model without ISVs (RPL1) the data support normally distributed main effects for the COST attribute, whereas (ii) for the model with ISVs (RPL2) the data support log-normally distributed main effects for the jellyfish outbreaks (JOUT) and COST attributes, and fixed main effects for the biotope health (BIO) attribute. That is, in the more complex model (RPL2), unobserved preference heterogeneity in the target population is empirically supported for both jellyfish outbreaks and cost, but not for the health attribute of the biotope. The results show that any heterogeneity in preferences for the BIO attribute is fully captured by the modelled covariates. For the model without covariates (RPL1), heterogeneous preferences are statistically significant only for the cost attribute.
Model fit is good by the standards of binary choice models; McFadden's R 2 ranges from 0.209 for the FPL1 model to 0.302 for the RPL2 model. Likelihood ratio (LR) tests are clearly in favour of the more complex RPL model specifications. Overall, the more Cost of gelatinous future and habitat loss in the Mediterranean Table 5 .
In all four models, the estimated main effects of the attributes are statistically significant and have the expected signs; BIO and JOUT attributes are positively related to the probability of selecting the choice scenario with ecosystem improvements. That is, a higher biotope health level and a lower probability of jellyfish outbreaks increase the probability of choosing a choice alternative. Also, in the main effects models (FPL1 and RPL1) , the estimated coefficient of the BIO attribute is higher than the coefficient of the JOUT attribute, and the difference is statistically significant. This indicates a higher average preference level for the BIO attribute in the target population and, consequently, a higher WTP for biotope improvements with respect to reducing the probability of jellyfish outbreaks. This preference ordering persists in the FPL2 and RPL2 specifications. The cost coefficient is consistently negative in all estimated models. Table 6 presents estimates of the average WTP for the two investigated attributes from each model, using equation (7), and the corresponding 95% confidence intervals. The latter are derived in two ways: (i) under the MVN assumption for the joint distribution of estimated parameters, and (ii) non-parametrically using empirical bootstrap estimates from 1000 bootstrap samples. (For the RPL2 model the number of bootstrap samples was reduced to 500 due to the computational effort.)
Welfare estimates
The estimates of the average WTP for the BIO attribute is consistently higher than the estimates of the average WTP for the JOUT attribute in all four models presented here. Paired sample t-tests for the equality of the mean WTP for BIO and JOUT reject the null hypothesis for the results from all models at the 1% significance level or less, except for the RPL2 model where rejection occurs at the 5% significance level. This is the case for both MVN and bootstrap estimates. On the other hand, for each model, the WTP estimates based on the MVN assumption and non-parametric bootstrap estimates do not differ significantly. Point estimates range from 76.27 -88.55 euros/ household for the BIO attribute and from 59.07 -68.79 euros/ household for the JOUT attribute. From the best-fitting RPL2 model, the average marginal WTP for BIO is estimated at 78 euros/household, while for the JOUT attribute the WTP is estimated at 66 euros/household. Figure 3 shows the distribution of the estimated individual WTP for the BIO and JOUT attributes from the FPL2 and RPL2 models. It also shows the joint Cost of gelatinous future and habitat loss in the Mediterranean distribution of the WTP for the two attributes for these models. The correlation between them is 0.382 for the FPL2 models and 0.454 for the RPL2 models. This positive and statistically significant correlation between valuations for the two attributes ( p-value , 0.001 in both cases) is due to the common effects of individual characteristics.
Effects of ISVs on welfare estimates
The marginal effects of ISVs on the WTP for the two attributes, while controlling for the effects of other variables, are computed using the estimation results for the best-fitting RPL2 model and the techniques described in the Methods (Equation 7 ). The effect of each variable is evaluated at the mean values of the other covariates. The accompanying 95% confidence intervals for the average marginal ISV effects are based on the asymptotic MVN assumption for the ML parameter estimates. Table 7 presents the results. Effects of the perceived importance of marine ecosystem services on the WTP As shown in Table 3 , the two most significant problems mentioned by respondents are oil spills and marine litter. The latter is perceived as both a coastal and an open sea problem. Perceived importance scores for ecosystem services, shown in Table 3 , have a non-linear effect on individuals' economic valuations of both BIO and JOUT attributes; for provisioning services (SCPR), the WTP for the BIO attribute increases from 39.7 euros (score ¼ 1) to 104.1 euros (score ¼ 5), then decreases gradually to 72.3 (score ¼ 8) and finally increases slightly again to 80.4 euros (score ¼ 9). The average derivative is 5.3 euros/scale unit. For the JOUT attribute, the WTP increases from 12.8 to 63.2 euros (for scores 1 and 5, respectively), then remains almost constant and increases to 76.3 euros (fscore ¼ 9). The average derivative is 7.3 euros/scale unit. For cultural services (SCCU), WTP for the BIO attribute increases from 62.8 (score ¼ 1) to 93.2 euros (score ¼ 5), and then decreases gradually to 70.9 euros (score ¼ 9). The average derivative is 2.3 euros/scale unit, but it is not statistically significant. For the JOUT attribute, the WTP decreases with increasing perceived importance; it decreases from 233.2 to 65.3 euros (for scores 1 and 5, respectively), then remains almost constant and decreases to 53.6 euros (score ¼ 9). The average derivative is 2 28.7 euros/scale unit. For regulating services (SCRE), the WTP for the BIO attribute initially decreases from 78.5 euros (score ¼ 1) to 65.6 euros (score ¼ 3), and then increases gradually to 179.6 euros (score ¼ 9). The average derivative is 6.7 euros/scale unit. For the JOUT attribute, the WTP initially increases from 51.6 to 68.4 euros (for scores 1 and 3, respectively), then decreases to 57.7 euros (score ¼ 6), and finally increases to reach 112.5 euros. The average derivative is 4.3 euros/scale unit.
Our results on the effects of the perceived importance of marine ecosystem services on individuals' WTP are accordingly inconclusive. A tentative, empirical explanation for this could be that respondents do not firmly perceive the link between marine ecosystem services and biotope protection or jellyfish outbreaks. For example, cultural services are not linked to jellyfish outbreaks, which explains why the WTP for JOUT decreases with increasing Figure 4) . Reported values refer to the average linear effect. c Observed significance level for the one-sided linear alternative hypothesis (i.e. H a : linear effect . 0 or H a : linear effect , 0). When the estimated marginal effect appears to be non-linear, the reported p-values given in parentheses refer to the F-test for the null hypothesis of linear effect. 862 perceived importance. To our knowledge, no previous study has presented conclusive results on this subject.
Attitudes to tourism and trust in institutions
The degree of trust in international organizations (TRUST3) to implement policies that will protect marine ecosystems, illustrated in Table 4 , is positively related in a linear way to the WTP for JOUT; the WTP increases from 40.64 to 78.8 euros at a rate of 4.2 euros/ unit. This variable is not associated with the WTP for the BIO attribute. We present the hypothesis that, whereas protection from jellyfish outbreaks is considered to be an issue of international scale and governance, protecting biotopes is considered a rather local issue.
The degree of trust in private companies (TRUST5) to implement protection policies for marine ecosystems is positively related in a linear way to the WTP for both BIO and JOUTattributes; for the former, the WTP increases from 71. 4 to 98.8 euros at a rate of 2.6 euros/unit, while for the latter it increases from 55.1 to 76.2 euros at a rate of 2.0 euros/unit.
Positive opinions regarding the economic impact of tourism (ATTOUR2) are associated with a lower WTP for both BIO and JOUT attributes; the estimated effect in both cases follows a statistically significant downward linear trend. For BIO, the WTP ranges from 106.4 to 74 euros at a rate of 2 8.9 euros per unit change. For JOUT, the WTP range is from 82 to 57.1 euros at a rate of 2 6.8 euros per unit change. Respondents who consider tourism to be associated with improved appearance of an area (ATTOUR3) tend to have significantly higher valuations for both BIO and JOUT. The estimated WTP trend is quadratic, with an average derivative of 11.7 and 9 euros/unit for the two attributes, respectively. The WTP for BIO ranges from 64.5 to 119.7 euros (for highly negative and highly positive attitudes, respectively) and for JOUT from 49.7 to 92.3 euros. Finally, higher levels of agreement with the statement that "tourism harms the marine and coastal environment" (ATTOUR5) are associated with higher values of WTP for JOUT. The effect is linear, with a rate of 6.8 euros/unit change. Valuations range from 43.4 -70.8 euros.
Socio-demographic variables
Income has a non-linear effect on WTP for both BIO and JOUT attributes. For biotope improvements, the WTP initially increases from 66.5 euros for low income values (500 euros/ month) to a maximum of 89.4 euros for higher income (3500 -4500 euros/month) and then decreases to 50 euros for the highest values of income (8500 euros/month). The average WTP derivative is positive (0.002) but statistically insignificant. This result indicates the absence of a statistically significant linear trend for WTP as income increases; indeed, as can be seen in Figure 4a , the relationship appears to be non-linear, having a bell shape, with no apparent linear trend. The non-linear relationship is statistically significant, as the p-value for the F-test for non-linearity against the null of linearity (or absence of any relationship) is 0.001 (see Table 7 and results from FPL2 model). For reductions in the probability of jellyfish outbreaks, the expected WTP appears to be a quadratic increasing function of income, with a positive and statistically significant average derivative value of 0.005 (2.5 times more than that for the BIO). The WTP increases from 57.9 euros for the lowest incomes to 105.1 euros for the highest ones.
The effect of age on the WTP is also non-linear for both attributes investigated. For biotopes, the WTP is a bell-shaped function of age; initially, it increases from 60.2 euros at the age of 17 to a maximum of 105.7 euros at the age of 44, and then decreases to 58.3 euros at the age of 74. The average derivative value is 0.006 euros/year, but is statistically insignificant. As with income, there is no significant linear trend in the relationship of the WTP to BIO with age. However, the non-linear, bell-shaped relationship shown in Figure 4a is statistically significant at the 5% level (the p-value for the F-test is 0.025). For jellyfish outbreaks, the expected WTP is initially almost constant, ranging from 61.3 -66.1 euros for ages 17 -40 years, then increases slightly to a maximum of 70.2 euros at the age of 48 before finally decreasing to 39.8 euros at the age of 74. The average derivative is negative and statistically significant, with a value of 2 0.439 euros/year.
Tourists with a total duration of stay up to 30 days in the last three years (TOURIST1 ¼ short-term visitors) are expected to be willing to pay 16.2 euros less than residents for biotope improvements. This difference is statistically significant. Regarding their WTP for reducing the chance of jellyfish outbreaks, they do not differ from residents. Tourists with a total duration of stay from 31 -90 days in the last three years (TOURIST2 ¼ medium-term visitors) are expected to be willing to pay 6.6 euros more than residents for biotope improvements. However, this difference is not statistically significant. For jellyfish outbreaks, their WTP is much larger (by 25.4 euros), and statistically more significant, than that of residents. Finally, long-term visitors (TOURIST3 ¼ visitors with a duration of stay . 90 days in the last three years) do not appear to differ in their average valuations from residents.
Concluding comments
We conducted a choice experiment to evaluate the social costs associated with marine ecosystem degradation in the GoL in the western Mediterranean. The attributes of two major ecosystems were studied: the integrity of critical habitats and the frequency of jellyfish outbreaks. Choice models were employed to study the preferences of the resident and visitor populations for these attributes, and their relationship to agent characteristics. Methodologically, we provided non-trivial relationships for the estimation of marginal effects on welfare valuations of individual characteristics (see Effects of ISVs on welfare estimates). We found that residents and visitors tend to value significantly more highly the integrity of habitats than the risk of jellyfish. A comparison of relative WTP estimates between the groups shows some interesting results: since the duration of stay is strongly linked to a "sense of place", short-term tourists (0-30 days) value long-term investments (i.e. the protection of critical habitats) less than do permanent residents. The same rationale leads medium-term tourists (31-90 days) to exhibit less tolerance of periodic annoyance, overbidding locals on short-term investments (i.e. protection from jellyfish outbreaks). Finally, long-term tourists ( . 90 days) seem to develop their own "sense of place", conforming to the valuing behaviour of permanent residents. In general, economic valuations are strongly related to individuals' demographic characteristics, their attitudes towards tourism and policy-making institutions, and their perceptions of the importance of ecosystem services.
To the best of our knowledge, the present study is the first choice experiment investigating monetary ecosystem values for marine critical habitats and jellyfish outbreaks. The relationships we detected empirically may well inform policy makers in designing Cost of gelatinous future and habitat loss in the Mediterranean efficient economic tools for improving the Mediterranean marine environment.
